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The Los Alamos VXI-Based iModuIarRF Control System*

S. P. Jxhirn, C. Zlomek, E. F. Nut[er, A. H. Rcgan. J. Hill, L. Fhton.
W, D. Gutscher, M. Curtin, P. Dcnney, E. Hansbemy, T. Brooks

hlS-H$127, Los Alamos Yutmnal Liibomlo~, Los Alarnos, NM 87545

Abstract

This paptr dcwnf?cs W tfcslgrr and Implcmcntaliorr 01’hc
I.OS Alamos moduhr RF c(mtml syslcm, which prrrvid~ hlgh-
pcrforrnancc Iccdhack and/or Iccdforward uonwol of RF
wcelermor cavmrcs. This is a flcxlblc, modular crmrol syslcm
which has been rcali~cd in dw irrduwry-srandard VXI card-
mcx.iular formal. A wdc specLrum of sysu?m functionality can
be accommodated simply by incorporating only lhosc modules
and fcmrrcs rcqu~r( d frrr u particular application. The
fundamental prlrrclplcs r-)1tic r,h!signapproach are discussed.
Dcmlls nf tic VX1 implcmcnLaurm arc given, including the
Wcrn architwturc and intcrfaccs, Pcri”ormitrrcc~~pabll]lics,
and iivaiiiibk fcatums.

Introduction

The AT-5 group M Los Altimo:; NMr.mal Laboratory
(.LANL) IS developing [hc RF systcm for lhc Ground Test
Accclcmrm (GTA). including ~c RF control syslcm, whwh is
[hc mpic of diis paper. The GTA Program is it dcvclupmcnt
vckiclc for Neutral Purticlc Beam !NP13) physics und
tcchnoloIzy

f3ccausc (.iTA opcriitcs iil several diffcrcnl hmrnonicidly-
rclillcd lrcqucncics uslrrg varicus power ilmplificr
[cchrrologlcs, il dccisimr wtis murk rarly on m pursue a
modultir RF uonlrol sys[cm architcc[urc This tirchitccu-trc M
dcsignrd m h milcfrndrnl of RF Ircqucrwy. power Icvcl, and
Iypr 01”uccclcrutlng strucluic, This :lpproach has proven
SUCUCWIUI (m ( iTA, wrd Ilil$idlOWLsd It,c same hirrdw~c 10 k

uwd ~n ii wldc v:lricty 01”olhcr m“cclcrattw qrplica[mrrs
worldwide,

‘lhr Iirsl 1.ANI. VXI mtnlulc for Rl: corrlrol wirs designed
imd Iwdl in I(M?, and the t’imrlh comfrlctc c(mtrol systcm wirs
(Jpcr:llcd ,m ( ;“I.A III IW’?, Additi\mally, four [)lhcr sys[cnls
htivu Iwcn lnstilllL.d A ~q)crmcd M VilrloUS t)lhrr institulimls.
In ;111, illwul (’.s1/(’ Vxl IIIIMIUI1’K huvc km bulll to dale.

System Rcquirrmcnts

*W,III I \IIlqMIIl(kl nll(l fiu:llrql IIV IIIC 11,$ l)elqIIIIll I.111(If lhl I,IIw,

!\,lllv SIllllt’p, h Ih. frllw. ( ‘111111,11111.1111!1!.1 1114’.Ill.lui !“. 1111111’1’$

Ihquumwi)t {If lIIrIK\

To achlcvc rhls Icvcl 01 rc~ulati(m and m cllwrrc cl tIcwnl
RF pnwcr uanst’cr m the cavi[y. tic rcwrnant frcqucnq of lhr
accc!cramr CJVIIY musl IW mirintalncd wlt.hln prc~~rltwd
llmlL$. A rCgUkIllLNI Lolcrdncc 01 .$2” wtis chosen M Jn
OhJCCUVC for lhl’ C&lvlly rCflCCLIM cocl”licmm phw on (;”l’A.

System Architecture

Figu.rc 1 illusrra[es the essential aspects ot’ the 1.ANL RF
corrrnl systcm iuchitccm;c as applied m it p~rtlculur
accclerahrrg cavity 12,3]. A sample l)f mu cfivl[y lwld IS
~i[]wnc~nvcfled tl~ a 20Mf+Z [F Ond synchrom)usly dc[rc[tsd

agains[ the RF rcfcrcrrcc signiil. The in-phase ( I I mild
quadramrc phmc (Q) ccrmponcnLs 01 his dcicclcd Mgmtl arc
compared to thclr rcs~tivc commanded volucs, or w’qw)lr]ls,
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Figure 1, LANL RF control sys[cm archm’~’mrr.

“llw dil”fcrcncc hawccrr the (.lclcctcd comprm~’rlts ;Irld Ih,.lr
wtpoirrts produces an error vcclor. Propormonal, Inlcgr:t 1,ml

dlffcrcnml (PID) Clo.scd-ltx)p clmlrt)i iwuons iUC Ihcll ~h.rlv(.ii
from this rrror vrc[or. producing t control vcrl[w. ;\Il ~ywII

loop conlrol vc( mr ran op[mrmlly hc gcrwr:ltr(l :11 llt~’

twgmirrg 01 [hc uucclcrumm cycle m fill Ihc L: IVIIY Irl J
prt)grwrlmcd mamwr,
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Figure 2. VX1 modular implcmcnlarmn,

Feedback cmwrol is also employed m rcgul;uc tlw
rcsonam [rcqucncy ot’ tic cavl[y [6,7], As shown in hgurc 3,
Ibis is achwvcd by detecting the forward- and rcvcrsc -
uavcling waves in tie cavity drive Iinc, cornpu[ing lhe cavity
reflection ccxfficien[. and taking corrective Iixdhack mxion by
applying a control signal to a mechanical cavily hrncr.
Accuracy is assured by calibration and vector error correction
18]. All computations for this process arc ~rlormcd In
sof[warc, und tic fecdbock loop IS closed Lhmugh J virtlul
network connection m lhc mncr Jcluator.
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l~lgurc 3. Rcsonancc uont.rol sys[cm.

ScvcrJl imcillm-y funcuons arc tissIgIIcd to the RIJ conmd
systmr os WCII. Mcazurcmcnts 01 various RI; signal
:unpl IIudcs in the syslcm, such is [hc (.:ivity field amplimdc
ml drive, wc suppor[cd wl[h Envelope l)cuxlor Modules.
These rmnlulcs sample nnd qtumlizc c:~~’h01 clgh[ RF input
w~n:ds ~mcc pcr RI: pulse.

‘1’hcRI: sys[cm nss(niatcd WI[lI CJCI1t:lvily IS wqucmx.d

;III(I timed by the RI; cmrlrol sysIcm, ‘IIIIS lIInL”II(m IS
l)rrlormcd ill ihc [ Ipconvcr[cr MIIdIIIC, WhIL.h w:nd~ IW()
ln(lcprndrnl tq)li(’:11mnmg slgn:ds 11)lhr I ll)A.

‘IIIc Rl; sywcm, Ilkc tic rcsl (It [h:’ iILITlcrmOI, IS rcqulrc(l

II) opcrnlc rcmolcly und(’r i“i)mplclc ;llllO1ll; 111(111.‘1’1111s,

sqwrvlsory L.[)mplilcr c(mtrt)l. [I;ll:l m’qulslli(:n, ;m(l 1(’ IIII)W

$i~n:ll mtmlllwitlg itl~~ III\[}lcINrtI[t.(1 Iii thc ( i I’A RI: I“IMIIII)I
systcm. All rclrv;m! RI; r(mlr{)l \yIICm I)ilramclvr$ ill~

wri[c:ddc ml rrmluldr III II) IIHII IIIC ( ;’I”A (l:ll:d}i~w, iII d ;Ill

toll!rol” 111111’[1011s:Ilc llllc~lm(’d ml I)IWINII’(1 thl(llll@ I 1’1( ‘s
r(mlndii.rrclis.

Hardware Realization

The Y hfE Ex[cnsirms for lnsu-umrn~u(m (i’ X I ~ su.mhr,!
I lo] which cmcrgcd m tic 191111-W[imc lrarrw WJSdc’tcl{>pM!
hy d crmsor[iurn of Icwling instrument mimllt’u~mrl’rs, “l’his
mrdard builds on, am.i IS compatible wl[h, tic utuqullous finti
povicrl”ul VME s~ndard m produce a robust ~.mi-m,nlul~r
mcdlum capable O( supporting high- pcrltmmontc mulug,
dlgiul and microwave inslrumcrms. The dcslgn 1)1 thu RI
cmrcd sysmm commcnccd in Lhis urnc period, ml Vkl um
chosen as tic packaging medium, V X1 held promlsc O( not
only suppoting the needs of Ihc RF comrol hardwwc, but d <()
(;[ tilting scamlcssly in[o the GTA compuwr conlrol sym’m, II

Iwing of a VME-ha.scd distrrhutcd urchitccmm.

The prcnnise of VXI has held rruc in pracltcc. 31(w1(d dII’
7}: com.rol modules have Iwn, of OCCCSSIIY,duslgnr[l in
htwsc. In all ca.scs, strict adhcrcncc w [hc V!i I s[imd~r(l hm
hccn mmnLaincd. Several cr)mmcrcial V MF uard$. such JS ;I
hH020-bJsc(l processor and an ELhcrnct Inlcrt’acc i-id, hwl
irlrcady been integrmd into the computer um.rol sykwm.
These VME modules were dirccdy cmlwddcd in [hc t’~ I RI’
conlml syslcm wrd in[cgr~lcd mgclhcr wilhou[ signlli~”:ln[
difficulty.

t:igurc 4 shows a conceptual layout of o Iy~IIL’:11 I.AS1

VXI module. Derails of tic rcgis[cr-lwisd VXI lnt~’rl.r’~’ cm
he found clscwhcrc [9]. All [imlng ml signul ~(mvcrsltm
lunclir-ms arc distributed down to the module Icvcl. ,t 10%11l/
clock and a synchronizing uiggcr wc browicast m JllInIMlUlL-\
on [hc VXI backplane, Cmuntcrs on each module’$ lllh’rl;ll~’
cmwil count down from prcloadcd register WIlucs ml pI~Iv Idc

onhrmrd timing signals, As ncmlrd, ~1) and I )/:1 (“t)n~cr[t’rs

arc providcrl in situ r.m each mr)dulc, Signtil WIIplIIIV 1~.

Irlpgcrcd by Lhc on-hnarr.i liming signuls, whll’11 ;lrr IIn,llSI
w)ltwarc conml, This qrprouuh grcutly $implllil’s ~\\ILsIII
Inlcgrmimr and configuration rllilrlil~l’1:ll’1 11. 11(’t’duw llli-
numbcr of cxmnccmrs and cddus In lhc Sy\ICIII hw t~(’(’n
mmlmw.rd, rcltilhdily is Imqwovcd.
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